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Con dence
Clear and "simple"! More nuanced, con icting results
Increasingly robust and predictable
as epidemiology or macroeconomics, where decision makers may be called to take action based on a consensus of predictions about the future. In this respect, the field has much to learn from these other, more mature disciplines. Major issues, such as how and to what extent carbon chemistry will change in a specific location and how this change will influence populations and ecosystem structure, are questions clouded by uncertainty at a number of levels. The ability to predict changes in the natural environment suffers from two major sources of uncertainty: the imperfection of our knowledge (otherwise known as reducible uncertainty or estimation error) and the complexity of natural systems (otherwise known as irreducible uncertainty or process error). Each source of uncertainty is addressed with different strategies in terms of how science is conducted and how the resulting information is communicated to stakeholders and decision makers to influence societal decisions.
Within the scientific endeavor, uncertainty is unavoidable because research projects must be bounded due to constraints of time, space, and funding. No matter how carefully an experiment is set up, there is always some concern that the observed result is simply a chance event, a fear that is typically allayed by assessment with statistical tests. No matter how well a computer model is parameterized, all modelers know the shortfalls of their mathematical characterization of complex phenomena. How scientific projects are designed and how their data are analyzed and interpreted all influence the level of uncertainty in the results and extrapolations based on them (Glover et al., 2011) . These issues are of great importance in OA research, but not uniquely so.
Careful study design cannot eliminate uncertainty from our understanding of natural phenomena. Many processes in nature vary in space and time in nonlinear fashions that challenge precise prediction. In the context of OA, this complexity makes predicting the exact biogeochemical conditions at a particular location or time extraordinarily difficult. When dealing with biological systems, we must also contend with the reality that each individual is unique and may respond differently to its environment. A number of strategies can increase understanding of natural variability, including collecting data for extended lengths of time, building observing systems with proper resolution to characterize variation, carefully cataloging communities experiencing naturally high CO 2 conditions over ecological time scales, and developing models with adequate resolution to capture small-scale phenomena.
All scientific disciplines seek to detect real patterns from noise; each discipline has its own standards that determine how these signal detection processes should work. Interdisciplinary research fields, like OA, can suffer disconnects where
INTRODUCTION
Ocean acidification (OA) has leapt from obscurity to a major point of concern within ocean science. Over the past several decades, researchers have identified effects of anthropogenic CO 2 on the carbon system in the ocean (Feely et al., 2004) along with evidence that these chemical changes may alter marine ecosystems (Raven et al., 2005; Hall-Spencer et al., 2008; Fabricius et al., 2011; Kroeker et al., 2013) . Early research results captured some societal attention, leading to international initiatives (e.g., the European Project on Ocean Acidification) and legislative mandates (e.g., the Federal Ocean Acidification Research and Monitoring Act, Washington State Executive Order 12-07) to support science efforts (Yates et al., 2015, in this issue) .
Early on, scientists were challenged by nearly complete uncertainty about how and where OA impacts might occur; the clear prescription for this uncertainty was more research (Figure 1 ). This period was followed by a relatively high sense of certainty about potential adverse impacts of OA based on a small number of publications on very few species. We have now moved to a third stage of more nuanced knowledge and research targeting larger conceptual questions. These developments present new challenges as we reduce, quantify, and communicate the uncertainty around our knowledge. We must couple knowledge and language within and between disciplines to address the fundamental question that drives the field: to what extent will changes in ocean carbon chemistry alter marine ecosystems and harm people who depend on them?
Our theories about OA and their supporting evidence provide compelling information to apprise society about future challenges to ecosystems, in much the same way that our understanding of climate change may permit ecological forecasting (e.g., Clark et al., 2001) . In many respects, uncertainties about the consequences of OA are no different from any other rapidly advancing field, such FIGURE 1. Schematic of the procession of confidence in understanding of ocean acidification (OA) through time. With only a few studies early in the field, things appear quite clear and simple, but this impression declines as more information adds to the paradigm. Eventually, the level of confidence stabilizes as more lines of evidence point to the bounds of what is known well versus what is not easily predictable. In addition to improved predictions, more robust estimates of error are gained through time.
evidence commonly accepted as strong in one field (e.g., community ecology) looks wildly uncertain to others (e.g., analytical chemistry). To decision makers, debates among disciplines can make even the best science seem too unsettled to warrant timely action. To maintain credibility and advance the uptake of its findings, the OA community must be clear and transparent as it evaluates sources of uncertainty. Tackling issues of communicating uncertainty among fields and with external audiences is a challenging but valuable opportunity for shaping how scientists design, analyze, and present their results.
From a communications standpoint, there is value in focusing not on uncertainty-the degree to which our information is imperfect-but rather on those aspects of the system that are supported by strong evidence (things that are more on the "certain" end of the spectrum, as in Box 1). Decades of research have resulted in many concepts that are known with a high degree of certainty across chemistry, biology, ecology, and social sciences (Figure 2 ). While many factors remain poorly understood, these core concepts provide an intellectual framework that can serve to guide future research and make predictions about the future impacts of current actions. The preferred approaches for communication will vary by target audience, which will range from schoolchildren to policymakers at national and international levels.
Informing the policy and management arenas about OA requires greater clarity about how to synthesize disparate lines of evidence and explain what OA means to particular species, ecosystems, or communities. The clearest example of how OA has already contributed to such conversations is the US Northwest shellfish industry (Barton et al., 2012) . This example links change in ocean carbon chemistry to its effects on a commercially cultivated species to how the loss of oyster larvae affects the viability of the shellfish industry in the region (Kelly et al., 2013a) . Multiple lines of evidence together present a powerful story about the potential serious impacts of OA. For other systems, links between OA and species response are currently understood as generalities. For example, if OA affects a particular species in the laboratory, will its response be the same in the field, where environmental conditions vary more and in different ways and ecological interactions occur? If so, will the effects on the species cascade throughout its food web? These questions become more complicated when we consider OA as just one of a host of co-occurring and interacting environmental changes that impact ecosystems simultaneously (Breitburg et al., 2015, in this issue) .
In this article, we discuss several aspects of uncertainty in the science of ocean acidification, and outline some options and cautions for accommodating them. We then offer strategies for communicating the uncertain science of ocean acidification, drawing on lessons learned from the global climate change community. We must recognize that some, and possibly much, current uncertainty around the ecosystem consequences of OA will persist. Those working on OA from a policy or management perspective will likely be required to make decisions long before science can advance to the point where ecological and human consequences of OA can be projected with high accuracy. As such, developing Box 1. Ocean Acidification Is a "Certainty"
The underlying process of OA is relatively simple and wellunderstood chemistry, but the field draws its sense of urgency because these chemical phenomena interact with other aspects of marine systems. The potential biological, ecological, and socioeconomic impacts of OA are of far greater societal concern than the shifts in seawater ion concentrations. While we have much to learn about the progression of OA and how it will affect marine species and ecosystems, the field relies on several facts that are well supported by decades of experimental evidence:
1. The concentration of carbon dioxide in the atmosphere equilibrates with the concentration of carbon dioxide in the surface ocean (e.g., Henry's Law).
2. Carbon dioxide is an acid gas, forming carbonic acid when dissolved in water.
3. Increasing the amount of carbon dioxide dissolved in seawater decreases the saturation state for calcium carbonate minerals, which has consequences for the many species that grow and maintain calcium carbonate structures (Feely et al., 2004; Kleypas et al., 2006; Fabricius et al., 2011; Kroeker et al., 2013) .
4. Numerous physiological processes are sensitive to alterations in concentrations of hydrogen, bicarbonate, and carbonate ions in seawater, and, therefore, OA may result in significant changes at the levels of organisms, populations, and ecosystems (Gattuso and Hansson, 2011; Kroeker et al., 2013) .
5. Substantial changes are observed in some present-day coral reef and temperate benthic communities exposed to elevated CO 2 at ocean CO 2 seeps (e.g., Fabricius et al., 2011; see Box 2) . Past OA episodes in the geological record are often marked by major extinction events of marine species, though OA typically occurred in conjunction with other major environmental changes, including climate change (Hönisch et al., 2012; Clarkson et al., 2015 ).
such precise predictions may not be the most effective priority for the research community. The more salient challenge is how best to provide useful information on the range of possible outcomes of OA that incorporates both experimental and natural uncertainty.
UNCERTAINTIES ASSOCIATED WITH BRIDGING BETWEEN DISCIPLINES
Uncertainty enters into OA research in different ways from different lines of investigation. In order to make predictions about complex coupled physicalchemical-biological systems, inferences must be drawn from multiple disciplines. This creates many avenues where lack of clarity about confidence in evidence can lead to false impressions of certainty. Appropriately propagating uncertainty is critical for sound synthesis of research findings. Statistical techniques for such error propagation are well accepted within formal analyses. The same care must be observed in cases where explanations are more conceptual. Below, we address issues of uncertainty in species-response experiments, modeling responses of ecological communities to OA, and characterization of local and global biogeochemistry under OA. We see these avenues of research as both highly uncertain and essential for answering societal concerns about OA.
Species-Response Experiments
Much of the concern about OA impacts arises from reports in the literature regarding physiological responses of organisms subjected to elevated CO 2 conditions (summarized by Kroeker et al., 2010 Kroeker et al., , 2013 ). This literature is based on a limited number of studies on a small fraction of marine species, mostly over relatively short time scales. Many believe that the antidote to this type of uncertainty is gaining additional knowledge through more research, but, in a field as immature as OA, new information often expands the universe of potential unknowns before reducing uncertainty. This presents a communication challenge, for discovery of new information can reveal a lack of understanding of fundamental physiological processes or phenomena, and it may appear that we know less as we learn more (Figure 1 ). For instance, species response studies have produced varying and contradictory results on impacts to growth and survival not only among closely related species (Miller et al., 2009 ) but even within the same species (Kelly et al., 2013b) . This type of uncertainty is expected in the developmental stages of a field as studies illuminate deficiencies in knowledge about biochemical pathways, adaptive strategies, genetic variations, or even natural history unappreciated at the start of an experiment. Future research can delve into causes of these uncertainties (e.g., possible effects of genetic differences).
Characteristic of a young research field, OA experiments and observations began by testing relatively simple hypotheses, which have become more complex with additional knowledge. To date, most experiments addressing OA have focused on individual species' responses to just OA over relatively short durations. While these simple studies are needed to set the bounds of understanding of how sensitive species may be to OA, short-term, singlestressor studies on individual species provide a limited basis for understanding ecosystem responses to future change in a Even with solid basic knowledge of the physiological responses of some species to OA, scaling up these effects to specific ecosystems is challenging. Due to their economic value and their many ecosystem services, coral reefs are among the most studied and discussed ecosystems in OA research (Hoegh-Guldberg et al., 2007) . Many of these studies were conducted under controlled conditions in the laboratory. Such controlled studies are important for understanding the mechanisms behind species' physiological responses to OA and for defining tolerance curves for parameterization in models. A valid concern is how well these laboratory-based studies represent in situ ecosystem responses.
Field sites that are naturally acidified due to geological activity provide good test beds to scale up and study the effects of OA at the ecosystem level. While a field study from a naturally acidified coral reef in Palau, western Pacific, suggests no effect of low pH water on reef diversity, cover, and calcification (Shamberger et al., 2014) , data from another study site in the Indo Pacific suggest that a reduction in seawater pH promotes winners and losers, resulting in a decline in coral diversity and shifts in the ecosystem framework, while maintaining coral cover (Fabricius et al., 2011) . These contradictory results underline the complexity of scaling from laboratory studies to the ecosystem level; show that responses to OA vary from region to region, depending on other environmental stressors, reef history, and conditions of surrounding habitats; and provide one example of the multiple factors that contribute to uncertainty.
Box 2. Understanding Coral Reef Response to Ocean Acidification
Oceanography | June 2015 world where OA is one of many environmental shifts. To this end, multi-species studies that expose organisms to multiple, simultaneous stressors for many generations are needed. Such work acknowledges that species response to OA may change when other stressors are added, and that interactions with other species influence responses to the physical environment (Rosa and Seibel, 2008; Kroeker et al., 2013; Roberts et al., 2013; Sanford et al., 2014) . However, increasing experimental complexity infinitely is not practical, or necessarily desirable. General natural history and ecological knowledge can be used to define parameters most important to consider and what ecological interactions most strongly influence the focal species. Capacity for conducting experiments over several generations must be expanded to properly address uncertainty about species adaptation. At present, the question of the adaptive potential of species to respond to OA remains one of the most exciting avenues of research, but also one of the greatest sources of uncertainty. Research studies that show adaptive potential exists are very recent (e.g., Collins, 2011; Sunday et al., 2012; Pespeni et al., 2013; Tatters et al., 2013) .
Meta-analysis provides a tool for exploring the generality of experimental results by identifying patterns from large swaths of research (e.g., Harvey et al., 2013; Kroeker et al., 2013; Wittmann and Portner, 2013) . However, these syntheses are vulnerable to preferences in the research community for publishing studies that demonstrate negative effects of OA conditions on focal species. Researchers express a concern that "no-effect" papers do not fare well in the peer-review and manuscript selection process (Franco et al., 2014) . To prevent these summarizing analyses from inadvertently biasing the literature and hiding an important metric of uncertainty, the research community, from editors to reviewers to publishing scientists, must commit to publishing the full range of responses to OA, including null responses. Alternate publication strategies-such as community data archives-may alleviate the burden on scientists of searching for venues for less "exciting" results.
Scaling Up to Ecological Communities
The complexity of the natural world limits the extent to which carefully controlled, single-species laboratory studies can ever mimic the natural variability of the chemical habitat, the influence of multiple stressors, and the species interactions that characterize marine habitats (Andersson et al., 2015, in this issue) . Modeling and synthesis studies build on knowledge gained at the individual scale to project outcomes at much larger or longer scales. "Modeling" takes numerous forms; the simplest are conceptual models-"what if " exercises that can make connections between short-term, single-species studies and what might happen in the natural world. These simple models often feature in the discussion sections of research studies, extrapolating the results from a short test while accounting for unaddressed uncertainties and factors poorly, if at all. More complicated modeling forms, such as meta-analyses, empirical statistical models, or mechanistic numerical models, have more robust procedures for evaluating uncertainty, but, again, typically cannot reflect factors that were not captured in the original experimental or field data or the theoretical framework used in model design and validation. The validity of hypotheses generated from simple models linking experimental results to marine species in nature depends on the certainty and generality of the underlying results. Natural conditions may exacerbate or ameliorate impacts observed in the laboratory. For example, food supply in the laboratory environment is not provided at the same levels as in nature and may influence response to experimental chemistry conditions. Field studies in environments naturally experiencing wide swings in OA parameters (e.g., eutrophic coastal systems, upwelling regions) can give insight into whether and how species employ adaptive strategies. Studies of CO 2 vent systems can elucidate some indirect effects of acidification on community members (Garrard et al., 2014) . Ecological interactions may also exacerbate the potential impacts of OA on a population (Cohen and Holcomb, 2009; Hettinger et al., 2013; Sanford et al., 2014) . Research into underlying biochemical and evolutionary mechanisms linked to OA responses may provide important context for shaping conceptual models, a concept counterintuitive to the idea that such "basic" research has a limited place in applied research fields. In fact, mechanistic understanding of responses to environmental conditions is foundational for developing models and parameterizing scenarios projecting population or ecosystem responses to OA.
Detailed numerical models offer insight into ecological and economic consequences of OA that are not tractable to direct experimentation. Such models can be built from simple sets of rules, applying them to higher levels of organization to allow exploration of emergent behavior and thresholds for groups of species (e.g., Kaplan et al., 2010; Griffith et al., 2011; Busch et al., 2013 ) that can be verified by comparison with field data. Despite their promise, such models are not a panacea; it is fair to raise the question of whether the ocean acidification field is really ready to link simple experiments and observations with detailed predictions about future ecosystems. Improperly reported models can suggest an overly confident assessment of potential outcomes. When well designed, however, modeling studies can help to explore different scenarios and enhance our understanding about the likelihood and certainty of potential outcomes. Careful and explicit treatment of uncertainty will help researchers and nonscientists alike appreciate the opportunities and limitations of knowledge gained from numerical models. Reporting model output with an emphasis on likelihood and uncertainty and discussing how model results provide hypotheses for future studies will advance these priorities.
Characterizing Local and Global Biogeochemistry
Dynamic ocean processes that contribute to the observed natural variation in the chemical habitat of organisms operate over time and space in ways that are too broad for manipulative experiments; their investigation is best accomplished with models. Although researchers are highly certain about the broad-scale effects of increased atmospheric CO 2 levels on ocean carbon chemistry, making specific predictions about individual locations is not straightforward. The ocean carbon system is driven by a dynamic interplay of physical and biological factors, especially in coastal areas with complex circulation and additional interactions among atmospheric, land-based, and biological activities (Feely et al., 2010; Cai et al., 2011) . Earth system models include representations of the atmosphere, the land surface, the ocean, and sea ice as well as coarse depictions of the lower trophic levels of ecosystems (Bopp et al., 2013) , all of which influence the global carbon cycle and marine carbon chemistry.
Currently, due to computational constraints, global models are run at a resolution too coarse to represent many mesoscale physical oceanic features (e.g., coastal upwelling zones and eddies), which may have large effects on local carbon chemistry dynamics. Highly resolved regional biogeochemical models (   1   / 6 o to 1 / 12 o ) are more likely to represent these features, but they currently fail to incorporate interactions of all critical components and remain too coarse for application to some systems (e.g., nearshore waters, estuaries, coral reefs). In this realm, future developments in modeling capability, such as nested regional and global Earth system models may reduce the uncertainty of predictions based on these tools. Biogeochemical models are often forced with satellite and in situ atmosphere and ocean data. The degree of uncertainty in the model output therefore strongly depends on how well the available observations represent the system. Dynamic regions are often undersampled in certain seasons (e.g., polar systems in winter), which introduces measurement uncertainty that directly constrains certainty of model output. Various techniques (e.g., hindcast simulations [Stow et al., 2009] , comparisons of present-day simulations) exist to evaluate model effectiveness, and they should be employed. It is important to recognize that future simulations include additional, unquantifiable uncertainty associated with assumptions that parameterizations valid under present-day conditions (e.g., Redfield ratios) will still apply in future oceans.
End users of projections from complex suites of coupled models must recognize that these tools propagate errors that decrease the confidence of predictions based upon them. Techniques such as integrating across multiple models can highlight the underlying strength of understanding. As models become more complex, using scenarios to estimate uncertainty becomes ever more important so that uncertainty can be incorporated into risk analysis frameworks. Events that may or may not happen (low likelihood with high uncertainty) may still deserve inclusion in risk analysis if the consequences of those events are high. Such analyses are well accepted in management processes where the emphasis is often on preventing dire consequences (e.g., tsunami and oil spill planning exercises).
Projections about future oceans developed with coupled biogeochemical, ecological, and human system models (e.g., California Current Atlantis ecosystem model) give valuable insights into the ecological and societal impacts of OA. They can help direct research activities, highlight consequences, and may be the most useful way to transfer knowledge from research circles to policy action (Boehm et al., 2015 , in this issue).
COMMUNICATING UNCERTAINTY
OA science is already demonstrating relevance outside the realm of research, and people are making policy and management decisions based on summary understanding (e.g., Washington State Executive Order of 12-07 based on Ruckelshaus et al. [2012] and Feely et al. (2013] ). Decision makers in a variety of contexts, ranging from industry to ocean policy and management (e.g., HoeghGuldberg et al., 2014; Boehm et al., 2015 , in this issue; Cooley et al., 2015 , in this issue), can benefit from actionable information on what is known and what is not known. In this context of rapidly advancing policy-relevant science, approaches used in communicating the science of climate change over the past decades can suggest best practices for communicating OA research. For example, the broad, interdisciplinary implications of OA require insights and communication across disciplines. Both transparency and expert judgment about what fieldwork, experiments, and models suggest about responses to OA are essential. However, the concept of uncertainty presents a challenge to effective science communication (Fischhoff, 2013) . Here, we discuss ways to handle this challenge.
A Challenge in Managing Risks
OA and climate change share some of the same complexities that pose challenges for decision making (Kandlikar et al., 2005; Jones and Preston, 2011; Jones et al., 2014) . Most fundamentally, the uncertainties about future outcomes, which will unfold over many decades and have potentially large consequences, are persistent. The uncertainties range from future levels of carbon dioxide emissions to the ecological and socio economic consequences of OA acting in concert with other simultaneous stressors. Recognition that making decisions in a changing climate involves managing risks has increased (Jones and Preston, 2011; IPCC, 2014) , where risk can be thought of as the potential for consequences when something of human value is at stake and the outcome is uncertain.
A strategy for communication of risks relies on assessing the widest possible range of potential impacts, including those with low probability but large consequences, and then summarizing knowledge of the likelihood and consequences of different outcomes. A focus on risk acknowledges that exact future outcomes will never be known with complete certainty and that uncertainty is therefore part of the decision-making context. Communicating risks often requires synthesis of scientific understanding across disciplines; it most usefully involves (1) characterizing the changing physical hazards, (2) identifying the species, ecosystems, and societies exposed to these changes, and (3) describing their vulnerabilities and sensitivities, including their abilities to adapt (Jones and Preston, 2011; Oppenheimer et al., 2014) .
Evaluating the State of Knowledge
A first step in communicating current understanding of risk and uncertainty is evaluating the state of knowledge. Available tools include reviews of the literature; quantitative syntheses, including meta-analyses, expert surveys, and elicitations; and assessment. All of these techniques both enable and require explicit treatment of the uncertainty of their findings. Expert surveys and elicitations (e.g., Kriegler et al., 2009; Gattuso et al., 2013) , which involve formal methods for gathering expert perspectives, are useful when policy-relevant questions cannot be fully answered by available scientific evidence. Here, "assessment" refers to a process of providing comprehensive evaluation of scientific knowledge to inform decision making on complex and broad issues. As examples, the Intergovernmental Panel on Climate Change (IPCC) and some US Integrated Ecosystem Assessments have provided periodic assessments of the impacts of climate change, which have included assessment of ocean acidification (e.g., Harvey et al., 2014; Hoegh-Guldberg et al., 2014; Pörtner et al., 2014) . As is typical of largescale assessment, IPCC reports involve multiple rounds of monitored scientific review to ensure the scientific rigor of conclusions. They also include participation by governments to make sure the topics addressed are relevant to decision makers and to ensure confidence among these decision makers that the conclusions have been developed through a transparent and fair process.
Communicating the State of Knowledge
Scientists working on ocean acidification are often asked for their expert opinion about how a species may respond to OA or what ecological changes we should expect in a specific location. Conceptual models are useful for communicating answers to these questions with individuals or groups outside of the scientific community. While they are not subject to the same level of scrutiny as computational models, they are influential and effective communication tools. Conceptual models can be communicated via words alone, though they are often well suited for graphical representation and even animations.
The process through which scientific information is evaluated and communicated can be as important to its usefulness as the credibility and rigor of the information itself (Cash et al., 2002; Jasanoff, 2010) . Communicating scientific understanding effectively to decision makers is different from interacting with fellow scientists and is also different from advocacy. Informing decision making benefits from a non-persuasive approach, where uncertainties are acknowledged and the evidence speaks for itself (Pidgeon and Fischhoff, 2011) . Policy choices and decisions informed by science often additionally entail value judgments that go beyond the science. Providing scientific information productively can thus mean characterizing possible outcomes and the consequences of different policy options, while recognizing the importance of values and goals in subsequent decisions (IPCC, 2014) .
For researchers unfamiliar with policy nuance, yet tasked with communicating ocean acidification science to diverse audiences, designated terminology to describe levels of certainty about policy-relevant science can be used to communicate scientific understanding in a balanced and comprehensive way (Figure 3 ; Gattuso et al., 2014; Hoegh-Guldberg et al., 2014; IPCC, 2014; Pörtner et al., 2014) . For example, since its Third Assessment Report, the IPCC has provided guidance on systematically communicating the degree of certainty in assessment findings, with the guidance iteratively updated and improved over time (Swart et al., 2009; Burkett et al., 2014) . For each statement summarizing current scientific understanding, assessment authors base their assessment on the available scientific evidence, which can include the degree of agreement about this evidence (Mastrandrea et al., 2010 IPCC, 2014 ). Levels of confidence are then used to communicate judgments about the validity of assessment findings, and likelihood terms express the chance of specific outcomes occurring. Central to the guidance is the importance of communicating where multiple lines of independent evidence point to the same conclusion versus where competing explanations exist; characterizing the widest possible range of potential outcomes; providing information on the sources of uncertainties; and clearly linking each assessment finding and its uncertainty terminology to a traceable account of the evaluated literature (Mastrandrea et al., 2010 . Expanding the use of calibrated language to the standard work of scientists studying OA and its potential effects would ease reporting challenges throughout the endeavor.
CONCLUSIONS
Although the focus of this article has been uncertainty related to OA, the questions that face decision makers are those of certainty. How certain are we that OA will affect marine ecosystems? What do we know about the scope of those impacts? Regardless of the levels of statistical confidence that emerge from experiments or models, researchers should keep in mind that decision makers are more interested in whether potential consequences are adverse enough or certain enough to justify the costs of action.
The political and social contexts in which the OA field has emerged have enhanced the influence of scientific information on societal action. We argue that scientists' ability to accurately assess and communicate the certainties and uncertainties of our knowledge on OA and its impacts will help retain this influence into the future. As OA gains wider recognition in the future, there is great value in nurturing open lines of communication among all stakeholders, from decision makers to industry leaders, regulators, resource managers, scientists, and the general public. Given that OA research is informing decisions at the same time as the field is developing, there is opportunity for twoway communication and allowing societal needs to shape the way the science is done and presented.
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